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AasniACT.— Venom  nentralization  propcitie*  end  protein  content  of  icrnm  from  11  taxa  of  Lompeopeltio 
wen  •tndied.MoetMitunMmpIct  contained  to  protein.  LMiapivptlti*g.getaIm»adLg.J3ot1doao 

•enun  ahowed  the  broadeat  apectmm  of  cffcctiTe  neutralization  of  eenoma  from  10  crotaline  taxa.  Lorn- 
propelUa  t  triaagalam,  L.  t  bondureoMU,  L.  mtexleaaa  gfteti,  and  1.  altena  effcctiocly  acntralixed  many  | 
of  the  venoma  aaaajred.  bnt  were  lc«  cfficadoos  than  0>c  other  ItmproptUit  apedca  teated.  Moat  of  the 
aemm  aamplea  ineeatigated  had  earlabijr  cffcctHrc  neotnlization  capiadto  for  eenoaaa  with  ationg  hem* 
onhagic actiriticafOofafaa alio;g  C ad*ma»tem,C.  r.  I'friifM.Scra  from  Lg.  hoUNtoeUand  L p  BoHdaaa 
were  particnlarli  effective  in  ncotrallzing  venoma  of  AgUotrodoa  piodrorm  conantf  and  A.  eoalottrix 
moicaaen.  Only  L  p  getulas,  L  p  tioffdana,and  L.  rathveniacra  neutraiiaed  over  100  LDa  of  C  v.  btUtri 
venom  pet  ad.  Only  font  aeram  aamplea  it.  p  getxUat,  L.  p  Boridaim,  t  calligmUer.  and  L  t  trianguJaaO 
were  etfective  againat  type  A  C  A  acatulatm  venom  icontained  hi^  concenlntiona  of  the  potent  nen* 
rotoxin,  Mo|ave  toidn).  All  Lomptopelds  aeta  aaaayed  had  effective  nentraliiation  potential  for  type  B  C 
A  acufti/afna  venom,  which  has  atrong  hemorrhagic  and  proteolytic  activities  and  lacks  Mojave  toxin.  All 
serum  aamplea  assayed  were  ineffective  against  venom  of  the  elapid  Mienuva  L  /n/vioA  Serum  from 
BUphe  g.  guttata  etiectively  nentraiized  several  crotaline  venoma,  while  RhiaoebeUaa  Jeconlei  aatonii 
serum  had  only  marginal  neutralization  capacity  for  several  venoms.  Serum  from  PituopbJa  mefano/eocus 
sayi  and  the  natridne  Thamaophla  a  airtaUa  had  no  neutralization  capacity  for  any  venom  tested.  Venom- 
neutralizing  serum  protcina  of  lampropeltia  appear  to  be  most  effective  against  hemorrhagic  and  proteo¬ 
lytic  venoms,  with  Uttle  or  no  neutralization  capadtiea  against  venoma  containing  high  concentrations  of 
hypotensive  peptides,  post-  or  presynaptically  acting  neurotoxiaA  and/or  myolytic  phospholipases  A^ 

Venom-neutralizing  properties  of  ophidian  i978;'Lomonte  et  al.,  1982;  Nahas  et  al.,  1983; 
serum  have  been  noted  by  researchers  since  the  Totnihara  et  al.,  1988).  Thus,  while  attention  has 
mid-eighteenth  century.  Numerous  investiga-  been  given  to  venom  neutralization  properties 
tors  have  reported  autoimmunity  of  venomous  of  serum  from  Individual  ophidian  species,  lit- 
species  to  their  own  venoms  (Fontana,  1787;  tie  attempt  has  been  made  to  determine  the 
KeUaway,1931;PhilpotandDeutsch,1956;Clark  spectrum  of  venom  neutralization  capacities  of 
and  Voris.  1969;  Philpot  et  al.  1978;  .Weiitstein  serum  from  difierent  species  of  a  given  genus, 
et  al.,  1991).  Other  workers  have  noted  the  ven-  Some  members  of  the  genus  Lampropeltis  fill  a 
om-neutralizing  capacities  of  serum  from  both  prominent  ophiophagous  niche,  from  North 
ophiophagic  and  non-ophiophagic,  aglyphic,  or  America  to  northwestern  south  America,  and 
opisthomegadontcolubrids  (Philpot  and  Smith,  possess  serum  immuni;^  agomst  crotaline  vi- 
1950;  Bonnett  and  Guttman,  1971;  Philpot  et  al.,  perid  venoms.  We  therefore  compared  venom 
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neutralization  properties  of  serum  from  1 1  taxa 
of  Lampropeltis  with  a  representative  selection 
of  North  American  crotaline  venoms. 

Materials  and  Methods 

Sources  of  Sera  and  Venoms. — Captive-born 
(second  or  third  generation)  specimens  of  Lam¬ 
propeltis  g.  getulus  (two  specimens,  one  male,  one 
female),  L.  g.  califomiae  (banded  and  striped 
phases,  one  specunen  of  each,  female  and  male, 
respectively),  L  g.  floridana  (two  specimens,  both 
males),  L  g.  holbrooki  (one  specimen,  male),  L. 
g.  splendida  (one  specimen,  female),  L  altema 
(one  specimen,  male),  L  mexicana  greeri  (two 
specimens,  one  male,  one  female),  L  rvlhveni 
(one  specimen,  male),  L  triangulum  handurensis 
(two  specimens,  both  males),  Pituophis  melano- 
leucus  sayi  (one  specimen,  male),  and  Elaphe  g. 
guttata  (two  spedmeiu,  one  male,  one  female) 
were  maintained  on  a  weekly  diet  of  either 
weanling  or  adult  Swiss-Webster  mice.  Col¬ 
lected  spedmens  were  as  follows:  L  t.  triangulum 
(three  specimens,  one  male,  two  female,  vicin¬ 
ity  of  Albany,  New  York)  and  Thamnophk  s.  sir- 
taUs  (four  specimens,  two  male,  two  female,  vi¬ 
cinity  of  Albany,  New  York),  Crotalus  s.  scutulatus 
(one  spedmen,  male,  venom  type  A,  Yuma,  Ar¬ 
izona),  C  atnx  (>200  spedmens,  Archer  Coun¬ 
ty,  Texas),  C  adamantevs  (one  spedmen,  male, 
Tampa,  Florida),  Agkistradcn  padvorus  eonanti 
(one  specimen,  male,  Tampa,  Florida),  and  A. 
contortrix  mokasen  (three  spedmens,  two  fe¬ 
males,  one  male,  Fr^eiick  County,  Maryland). 
A  spedmen  of  RhmockeUus  Ucantei  antanti  (fe¬ 
male)  was  from  an  unknown  locality  in  Mexico. 
An  additional  specimen  (male)  of  C.  s.  scutulatus 
(venom  type  B)  and  spedmens  of  C.  horridus 
horridus  (two  males)  were  of  unknown  prove¬ 
nience.  The  wild-caught  specimens  were  main¬ 
tained  on  the  same  diet  as  the  captive-bom  spec¬ 
imens,  and  all  of  the  snakes  were  exposed  to  a 
12  h  light/dark  cyde. 

Blood  samples  were  obtained  by  cardiac 
puncture  wiA  a  26Vi  gauge  needle.  Siudces 
were  fasted  2  to  3  weeks  prior  to  dnwing  of 
blood  samples  and  anesthetized  with  ketamine 
hydity^'ioride  (50  mg /kg,  intramuscularly). 
Fresh’  awn  samples  were  allowed  to  dot 
overm^ht  at  4  C,  centrifuged  at  7500  rpm,  and 
the  serum  was  removed  with  a  pipette.  Any 
sample  not  used  immediately  was  frozen  at  —  25 
C  Serum  samples  were  not  heated  prior  to  as- 
say. 

Venom  samples  were  extracted  manually  ev¬ 
ery  3  to  4  weeks,  frozen  immediately  at  —25  C 
and  lyophilized.  Lyophilized  venoms  were 
stored  in  the  dark  at  4  C  over  desiccant.  Ly¬ 
ophilized  pooled  venoms  of  C.  viridis  viridis 
(Texas),  C.  v.  helleri  (California),  Sistrurus  miliari- 


us  barboun  (Florida),  and  M  /  fulvius  (Florida) 
were  purchased  from  Biotoxins  Inc.  (St.  Cloud, 
Florida). 

Lethal  Potency  Determinations. — Venom  doses 
were  derived  from  I  mg  of  venom  per  ml  of 
phosphate  buffered  saline  (PBS,  pH  7.2).  Intra- 
peritoneal  (i.p.)  LDy,  were  obtained  by  injecting 
male  Swiss-Webster  mice  (18-20  g)  in  three  to 
five  groups  of  four  mice  each.  Animals  were 
observed  after  injection  and  mortality  recorded 
after  24  h.  Animals  succumbing  to  injections 
were  necropsied  and  any  gross  tissue  pathology 
noted.  The  LD^  was  c^culated  by  the  Spear- 
man-Karber  method  (World  Health  Organiza¬ 
tion,  1981).  The  fiducial  (95%  confidence)  limits 
for  the  LDm  were  determined. 

Estimation  of  Protein  Content.— Protein  content 
was  determined  using  the  bidnchoninic  add 
assay  (BCA  assay.  Pierce  Chemicals,  Rockford, 
Illinois;  Smith  et  al.,  1985). 

Venom  Neutralization  Assays. — Venom  solu- 
tioru  that  contained  4.0  to  21.0  LD,  were  mixed 
with  3.0  mg  of  ophidian  serum  protein.  These 
mixtures  contained  material  sttffident  for  injec¬ 
tion  of  four  mice.  Serum  concentratioiu  were 
standardized  with  the  BCA  assay  and  750  /tg  of 
serum  protein  was  used  per  venom  dose.  The 
serum-veiu>m  mixtures  were  incubated  at  37  C 
for  45  min,  then  injected  i.p.  into  mice.  Several 
control  animals  were  Injected  with  serum  alone 
or  venom  mixed  with  normal  rabbit  serum.  In¬ 
jected  animals  were  observed  for  24  h,  and  any 
mortalities  recorded  and  necropsied.  Values 
representing  neutralization  potential  of  a  given 
serum  sample  are  expressed  as  the  num^r  of 
LD„  completely  neutralized  (resulting  in  100% 
survival)  by  1  ml  of  serum.  These  data  were 
calculated  by  dividing  the  total  serum  protein 
content  (mg  protein /ml  serum)  by  the  neutral¬ 
izing  serum  protein  sample  (750  ug  or  1  mg). 
This  quotient  was  then  multiplied  by  the  num¬ 
ber  of  LD,»  neutralized  by  the  750  ug  or  1  mg 
serum  protein  sample.  Due  to  the  large  numbers 
of  mice  required  for  these  experiments,  only  a 
single  determination  at  each  dose  level  was  pos¬ 
sible.  However,  doses  producing  100%  survival 
were  repeated  at  least  once.  In  addition,  the 
same  constraint  prevented  investigating  differ¬ 
ent  specimens  of  each  species.  However,  all 
specimens  procured  in  pairs  or  trios  were  ex¬ 
amined  separately  prior  to  pooUng  of  serum 
samples. 

Results 

Lethal  Potencies  of  Selected  Crotaline  and  Micru- 
rine  Venoms. — Table  1  shows  the  murine  i.p.  LD* 
values  determined  for  the  crotaline  and  micru- 
rine  species  selected  for  neutralization  studies. 
Mice  injected  with  lethal  doses  of  most  of  the 
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Table  1.  Lethal  potencies  of  venoms  used  in  neutralLzaiion  studies.  Abbreviations;  A  ”  range  of  eight 
individual  venoms  from  specimens  collected  in  southwestern  Utah;  B  “  values  were  obtained  for  A.  ptsawrus 
pisaoorus  venom. 


Species  (locality) 

i.p.  lethality 
(munne  LO*.  mg/kg) 

[95%  confidence  limiti} 

LOa  values 
reponed  previously 
(i.p.  aaurine  LD».  mg/kg) 

Crotalus  adamenteus 

3J0 

1.89,' 375,' 27» 

(Tampa,  Florida) 

{2.92-3.74J 

C  »(roi 

479 

6.0,*  8.42.*  47» 

(Archer  Co.,  Texas) 

(4.07-564) 

C.  viridis  Ptridis 

2J7 

275.*  70,'  275* 

(Texas) 

(2.09-270) 

C.  0.  heUeri 

1.S4 

1.56,*  744,' 77* 

(California) 

(1. 53-270) 

C.  soauiatus  scutulatus 

0.17 

0.18,’ 073.*  0.13-0.54»-‘ 

(type  A.  Yuma,  Arizona) 

(0.143-0.199) 

C  s.  scutulatus 

vn 

73-37.* 

(type  B,  unknown) 

(279-973) 

C  horridus  horridus 

371 

791.*  769“ 

(unknown) 

(2.89-370) 

SistTurus  m.  barbouri 

9.40 

6.0,*  674’ 

(Florida) 

(879-1079) 

Aghstrodoti  contortrix  mokasen 

1576 

7.8,“  8.9,*  1070* 

(Frederick  Co.,  Maryland) 

(1377-1671) 

A.  pisdoorus  conanti 

573 

5.10,*  S-ll,” 

(Tampa.  Florida) 

(478-572) 

Mkrurut  f.  fuhrmt 

0.62 

0.67,*  0.9“ 

(Florida) 

(073-073) 

■  RuaeU  and  Emeiy  (1959);  *  HaU  and  Ccnnaro  (196!); '  acnn  and  Straight  (197S);  ■  Cithern  ami  WoUT  (1939);  •  Minton 
(19S6);*  RttaacU  (1967);  >  KochoUly  ct  al.  (1971);  •  Minton  (1974);  ’Clcnn  and  Straight  (1977); »  RaaacU  (I9a0): »  Cingridi  and 
Hohenadel  (1956);  ■>  Cohen  et  aL  (1971)l 

crotaJine  venoms  Studied  showed  distress  with-  rapid  cardiorespuatoiy  death.  Neaupsy  was 
in  1-2  h  post-administration.  Venoms  of  C.  atmx,  unremarkable,  except  for  minor  pulmonary 
C  adammteus,  C.  xriridis  viridis,  S.  mdierius  barbouri,  congestion.  Administration  of  C  s.  sciOutaha  type 
A.  contortrix  mokasoi,  and  A.  piscivmvs  comnti  B  venom  produced  effects  very  similar  to  those 
causedbiief  periods  of  hyperactivity,  which  led  described  for  the  ma|ority  of  the  aforemen- 
to  lethargy,  prostration,  and  cardiorespiratory  Honed  crotaUne  venoms.  Significant  hemor- 
death.  Necropsy  of  animals  succumbing  to  ef-  rhage  and  extravasation  were  observed  upon 
fects  of  any  of  these  venoms  revealed  marked  necropsy.  Crolalus  horridia  and  C  v.  heUeri  ven- 
hemorrhage  at  the  injection  site  and  varying  oms  prt^uced  lethal  effects  more  rapid  in  de¬ 
degrees  of  mesenteric  hemorrhage  accompa-  veiopment  than  those  of  the  other  crotalines, 
nied  by  extravasation  of  seroHunguinous  fluid,  except  for  that  of  C.  $.  scuhdMtus  (type  A).  Crotalus 
Venom  samples  of  A.  c.  mokasen  and  S.  m.  barbouri  horridus  venom  caused  rapid  pixwtiation,  tachy- 
were  considerably  less  toxic  than  those  reported  pnea,  and  extensive  hemorrhage.  Necropsy 
previously  (Table  1).  Venoms  from  the  two  dif-  showed  copious  sero-sanguinous  fluid  in  the 
ferent  popi^tions  of  C.  s.  scutulalus  produced  peritoneal  cavity  and  mild  pulmonary  hemor- 
vastly  different  effects.  Populations  of  C.  s.  scu-  rhage.  Administration  of  C  v.  hetUri  venom  pro- 
tulatus  that  secrete  venom  containing  the  lethal,  du<^  rapid  collapse  and  death  accompanied  by 
presynapticaliy-acting,  polypeptide  neurotox-  hemorrhage  at  the  injection  site  and  pulmonary 
in,  Mojave  toxin,  are  term^  venom  type  A,  petechiae. 

while  other  populations  that  do  not  have  this  Venom  from  the  micrurine  elapid,  M.  /,  ful- 
venom  component  are  designated  type  B  (Glenn  vius,  produced  tachypnea,  prostration,  collapse, 
and  Straight,  1978).  Crotalus  s.  scutulatus  typ*  A  and  cardiorespiratory  death.  TTvis  clinical  course 
venom  caused  rapid  prostration  accompanied  proceeded  more  rapidly  than  most  of  the  cro- 
by  tachypnea,  "in-pouching"  of  fhe  flank,  and  taline  venoms  investigated.  Mice  injected  with 
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0.5  to  1.0  LD*,  excreted  dark  urine  within  8  h 
of  administration.  Examination  of  the  urine  by 
uitrafiltration  (Kellner  and  Alexander,  1986) 
demonstrated  that  the  mice  were  producing  co¬ 
pious  myoglobinuria. 

Protein  Content  of  Sera. — Table  2  shows  the 
protein  content  of  ophidiai.  serum  samples  se¬ 
lected  for  study.  Examination  of  serum  samples 
from  several  individuals  of  a  given  species  (L. 
g.  getulus,  L.  t.  triangulum,  L.  m.  green,  T.  s.  sirtalis) 
indicated  that  reproducibility  of  protein  con¬ 
tent  was  within  10%.  Serum  samples  from  L.  g. 
getulus,  L  g.  holbroaki,  L  g.  floridana,  L  g.  califor- 
niae  (strip^  phase),  L  ruihveni,  L.  eliema,  and 
L.  caiiigaatfr  consistently  contained  ^65  mg 
protein  per  ml  while  samples  from  L.  m.  greeti 
and  L  t.  triangulum  had  60  to  65  mg  protein  per 
ml  (Table  2).  Lampropeltis  g.  splendida  and  L.  g. 
califomiae  (banded  phase)  samples  had  lower 
protein  levels  (52  and  54  mg/ml,  respectively). 
Serum  samples  from  Elapke  g.  guttata  and  Pituo- 
phis  melanoleucus  sayi  had  protein  concentra¬ 
tions  of  66  and  80  mg/ml,  respectively.  Serum 
from  RhmockeUus  leconiei  ant  and  and  L  t.  hon- 
durensis  had  the  highest  and  lowest  protein  con¬ 
centrations  (120  mg/ml  and  47  mg/ ml),  re¬ 
spectively.  ^rum  from  specimens  of  L  g. 
floridana  consistently  showed  hyperlipemia 
greater  than  that  observed  with  the  other  serum 
samples. 

Venom -neutralhation  Capacities  of  Sera  from 
Lampropeltis,  Elapke,  Pituophis,  Thamnophis  and 
RhinocheUus, — Table  2  shows  the  neutralization 
capacities  of  serum  from  selected  species  of 
Lampropeltis. 

Lampropeltis  g.  getulus. — Of  the  taxa  invrsti- 
gated,  serum  from  the  nominate  race  of  L  ge¬ 
tulus  had  the  widest  spectrum  of  protection 
against  the  venoms  tested  in  neutralization  as¬ 
say.  Serum  samples  from  two  specimens  had 
almost  identical  neutralization  potentials 
(within  7%  of  each  other)  for  the  venoms  tested. 
Compared  with  the  other  ophidian  sera  inves¬ 
tigated,  L  g.  getulus  serum  neutralized  the  most 
LDm  of  the  venoms  tested,  except  for  those  of 
S.  m.  batbouri,  A.  p.  conanti,  and  A.  c.  mokasen.  Of 
all  the  sera  test^,  1.  g.  getulus  serum  had  the 
least  effective  neutralizing  capacity  for  A.  c.  mo¬ 
kasen  venom. 

Lampropeltis g.  flordlana.— This  serum  showed 
a  broaid  spectrum  of  protection  similar  to  that 
of  L  g.  getulus  (Table  2). 

Lampropeltis  g.  splendida. — This  serum  consis¬ 
tently  exhibit^  a  relatively  low  neutralization 
potential  for  most  of  the  venoms  tested  (Table 
2).  Although  neutralization  potential  for  A.  c. 
mokasen  venom  was  equal  to  that  of  L.  ruthveni 
and  very  similar  to  that  of  L.  g.  califomiae  (band¬ 
ed  phase)  and  L.  t.  triangulum,  this  serum  had 
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no  potential  to  neutralize  venom  from  the  con¬ 
generic,  A.  p.  conantt  (Table  2). 

Lamproptliis  g.  califomiae  (striped  phase  vs. 
banded  phase). — Serum  from  these  two  phases 
of  L.  g.  califomiae  exhibited  markedly  different 
venom  neutralization  properties  (Table  2).  Even 
though  both  phases  showed  a  broad  spectrum 
of  protection,  serum  from  the  striped  phase  had 
greater  neutralization  capacity  for  most  venoms 
assayed  (Table  2).  The  banded  phase  had  neu¬ 
tralization  potential  forC  v.  helleh  venom,  while 
serum  from  the  striped  form  had  no  such  ca¬ 
pacity  (Table  2).  Serum  from  the  striped  phase 
neutralized  S.  m.  barbouri  venom  more  effidentiy 
than  any  other  serum  tested  (Table  2). 

Lampropeltis  g.  holbrookL— Serum  from  this 
spedes  provid^  particularly  effective  protec¬ 
tion  against  venoms  of  C  O.  ariJa.  C  horridus, 
and  A.  c.  mokasen  (Table  2).  Of  all  the  serum 
samples  tested,  L  g.  hoOnooki  and  L  g.  fioridanM 
serum  had  the  hi^iest  neutralization  capadties 
for  A.  p.  conanti  venom,  and  showed  equal  neu¬ 
tralization  potentials  for  this  venom  ^able  2). 
Serum  from  L  g.  holbrooki  and  L  g.  caUfomiae 
(banded  phase)  had  the  lowest  neutralization 
potentials  for  C.  &  scutuiatus  (type  B)  venom 
(Table  2). 

Lampmpeltis  adUgaster.—Tidt  serum  was  ef¬ 
fective  in  neutralhdng  C.  a.  scuhdatus  venom 
type  A,  although  the  neutralization  potential 
for  this  venom  was  about  25%  less  dun  that  of 
L  g.  getulus  serum.  Effective  neutralidng  ca- 
padty  against  C  s.  scutuiatus  venom  type  B  was 
also  no^  (Table  2). 

Lampropeltis  m,  greeri—Serum  horn  this  race 
of  L  mexkana  had  relatively  low  neutralization 
potential  for  most  of  the  venoms  assayed  (Table 
2). 

Lampropeltis  rutkoenL  — This  serum  was  one  of 
only  thTM  samples  that  neutralized  over  100 
LD»  C.  o.  kelleri  venom  per  ml  of  serum  (Table 
2). 

Lampropeltis  alterruL — This  serum  was  the  oidy 
sample  assayed  that  had  relatively  moderate 
neutralizing  potential  for  C  atrox  venom,  but 
had  no  capiadty  to  neutralize  C.  adamanteus  ven¬ 
om  (Table  2). 

Lampropeltis  t.  triangulum. — In  common  with 
L  g.  sfdettdida  and  L  allenu,  serum  from  L.  t. 
triangidum  had  about  40%  less  neutralization  po- 
tentid  for  C  adamanteus  venom  than  that  of  C 
atrox  (Table  2). 

Lampropeltis  t.  hottdurensis.— Of  the  samples 
tested,  this  serum  had  the  lowest  neutralization 
potential  for  C.  atrox  and  C  u.  oiridis  venoms 
(Table  2).  Nominate  L  triangulum  serum  had 
about  70%  greater  neutralization  potential  than 
that  of  L.  t.  kondurettsis  for  C.  atrox  venom. 

Rhinochetlus  t.  antortn. — Serum  from  Rhittockei- 


lus  marginally  protected  animats  injected  with 
venoms  of  S,  m.  barbouri,  A.  p.  conanti,  or  A.  c. 
mokasen  (1.0  LD»  of  each  of  the  venoms  admin¬ 
istered  with  750  Mg  serum  protein  resulted  m 
one  mortality  in  a  group  of  four  mice). 

Elaphe  g.  guttata.  —Serum  from  this  species  ef¬ 
fectively  neutralized  A.  c.  mokasen,  A.  p.  conanti, 
and  C.  V.  viridis  venoms  (132, 1 54  and  132  venom 
LDw/mJ  of  sertun,  respectively). 

Pituophis  m.  sayi  and  T.  s.  sjrtalis.— Serum  from 
either  species  had  no  neutralization  potential 
against  any  of  the  vertoms  tested. 

CXrservations  from  Neutralization  Assays  (Crota- 
lus  atrox.  C.  adamanteus,  C.  o.  oiridis,  C  k.  horridus, 
C.  s.  scutidatus  (type  B),  S.  m.  barbouri.  A.  c.  mo¬ 
kasen.  and  A.  p.  conanti  venoms).— Mice  injected 
with  serum  protein  (750  /tg-l  mg)  from  Lam- 
propeltis  sp.  that  had  marked  neutralization  ca¬ 
pacity  for  these  particular  venoms  (Table  2), 
mixed  with  venom  doses  at  the  limit  of  neu¬ 
tralization  capacity  of  each  reqxcdve  serum, 
exhibited  only  transient  lethargy  with  no  other 
signs  of  envenomation.  Several  mice  that  sur¬ 
vived  injection  with  mixtures  of  the  various  se¬ 
rum  samples  and  venoms  of  C  atrox,  S.  m.  bar¬ 
bouri,  or  A.  c.  mokasen  showed  persistent 
inflasunation  and/or  edema. 

Crotalus  o.  helleri  and  C  s.  scutuiatus  (type  A) 
tMmoms.— Animals  injected  with  serum  samples 
that  showed  neutralization  potential  for  these 
venoms,  and  venom  doses  at  the  limit  of  neu¬ 
tralization  capacity,  exhibited  transient  prostra¬ 
tion  and  respiratory  distress.  Full  recovery  was 
evident  within  2-3  h.  Only  four  serum  samples 
(L  g.  getulus,  L.  g.  floridana,  L  caUigaster,  and  L 
t.  triangulum)  demonstrated  neutxalization  po¬ 
tential  for  type  A  C  s.  scutuiatus  venom,  while 
all  samples  except  that  of  banded  phase  L  g. 
califomiae,  had  strong  neutralization  potential 
for  type  B  C.  s.  scutuiatus  venom  (Table  2). 

Micrurus  /.  fulvius  venom.— None  of  the  serum 
samples  investigated  exhibited  any  neutraliza¬ 
tion  potential  for  M.  /.  fulvius  venom  (Table  2). 

DlSCUSStON 

Venom-neutralization  capacities  of  Lampro¬ 
peltis  are  well  known  from  scientific  literature 
and  anecdotal  description.  Ditmais(1910, 1937) 
described  minor  loc^  effects  in  a  specimen  of 
L  getulus  bitten  repeatedly  by  a  mu^  larger  A. 
piscioorus.  He  also  observed  that  injection  of 
Lampropeltis  specimens  with  venoms  from  cro- 
talines  failed  to  produce  any  lethal  effects,  while 
administration  of  venoms  from  elapids,  such  as 
Micrurus  and  Naja,  resulted  in  rapid  death.  Phil- 
pot  and  Smith  (1950)  reported  only  minor  ede¬ 
ma  in  a  L.  getulus  ssp.  injected  intramuscularly 
with  320  mg  of  A.  piscioorus  venom  in  a  single 
injection,  and  over  a  gram  of  this  venom  in  five 
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doses  within  3  weeks.  Other  reports  indicate, 
however,  that  some  individual  specimens  are 
susceptible  to  lethal  effects  of  some  venoms. 
Allyn  (1937)  described  how  a  L.  g.  getulus  ex¬ 
pired  within  1  h  after  being  envenomated  by  a 
S.  catenatus.  Keegan  and  Andrews  (1942)  killed 
a  young  adult  L  calligaster  with  a  large  dose 
(767  mg/kg)  of  A.  contortrix  venom.  Death  oc¬ 
curred  52  days  after  administration  of  the  ven¬ 
om  bolus.  Our  data  indicate  that  serum  from  L 
g.  gttulus  and  L.  calligaster  had  relatively  low 
neutralization  potential  for  venoms  of  5.  m.  bar- 
bouri  and  A.  c.  mokasett,  respectively.  Venom  of 
S.  catenatus  has  a  mudi  higher  lethtd  index  (0.22 
mg/kg,  i.p.,  Minton.  1956)  than  5.  m.  betbouri 
venom  (6.0-9.4  mg/kg,  i.p..  Table  1). 

Studies  of  venom-neutralization  properties 
of  lamprapeltia  demonstrate  that  serum  from 
these  ophidians  can  inhibit  venom  hemorrhag¬ 
ic  activity  (Rosenfeld  and  Glass,  1940)  and  pro¬ 
teolysis,  tluombin  and  C  adamantesa  venom- 
catalyzed  clotting  of  fibrinogen  and  fibrinolysis 
by  plasmin  (Philpot  and  Oeulsch,  1956;  Philpot 
et  al.,  1978).  Several  investigations  have  dem¬ 
onstrated  serum-mediated  neutralization  of  the 
lethal  effects  of  venom  in  oUce  (Philpot  and 
Smith,  1950;  Bonnett  and  Gutman,  1971;Philpot 
et  al.,  1978).  Philpot  and  Deutsch  (1956)  re¬ 
ported  also  that  L  g.  floridana  serum  inhibited 
liquefaction  of  gelatin  by  the  gram-negative 
ba^erium.  Pseudomonas  aeruginosa. 

We  have  demonstrated,  among  members  of 
the  genus  LampropeUis,  variation  of  serum-me¬ 
diated  venom-neutralizing  properties.  Al¬ 
though  we  found  no  apparent  relationship  be¬ 
tween  variation  of  these  properties  and  sex, 
sibling  status,  or  age  of  the  specimens  studied, 
the  possibility  of  individual  variation  within  a 
population  cannot  be  discounted.  Dessauer  and 
Pough  (1975)  reported  variation  of  a  number  of 
blood  proteins  (e.g.,  albumin,  hemoglobin) 
among  eastern  and  western  populations  of  six 
taxa  of  L  getsdus.  Venom  neutralizing  proteirrs 
are  probably  subject  to  similar  variability.  A 
study  such  as  ours,  using  larger  sample  sizes, 
could  establish  the  nature  and  frequency  of 
variability. 

Serum  from  nominal  L  getulus  and  L  g.  flor¬ 
idana  had  the  widest  effective  spectrum  of  neu¬ 
tralization  in  mice.  Interestingly,  Blaney  (1977) 
considered  L.  g.  getulus  as  derived  from  L  g. 
floridana.  Venom  neutralizing  potential  of  se¬ 
rum  from  L  m.  greeri  and  L.  altema  showed  few 
sisularities,  but  several  venoms  (C.  v.  viridis.  S. 
m.  batbouri,  A.  c.  mokasen,  and  A.  p.  conanti)  were 
similarly  neutralized  by  serum  from  L.  t.  trian- 
gulum  and  L  ruthveni.  LampropeUis  altema  has 
been  regarded  as  a  full  species  (Brown,  1901; 
Blanchard.  1921;  Smith  and  Taylor,  1945;GaTSt- 


ka,  1982)  or  as  a  race  of  L.  mexicana  (Gehlbach 
and  Baker,  1962;  Gehlbach  and  McCoy,  1965; 
Tanzer,  1970).  LampropeUis  m.  green  has  pre¬ 
sented  similar  taxonomic  confusion  (Gehlbach 
and  Baker.  1962;  Garstka,  1962).  LampropeUis 
ruthvem  (Blanchard,  1921;  Smith  and  Taylor, 
1945;  Garstka.  1982)  is  a  problematical  speoes 
that  has  been  considered  synonymous  with  L. 
t.  ardfera  (Williants,  1988). 

None  of  the  serum  samples  tested  showed 
any  capacity  to  neutralize  M.  f.  fulvius  venom. 
Most  micrurine  venoms  (including  M.  /.  fulvius) 
contain  myolytic  phospholipases  Aj  ar^  post- 
sytuptic  polypeptide  neurotoxins.  Venom  from 
type  A  C  s.  scuhdatus  contains  high  concentia- 
tiorts  of  Mojave  toxin.  Of  the  samples  tested, 
serum  from  only  four  species  (L.  g.  getulus,  L  g. 
floridana,  L  calligaster,  and  L  t.  triangulum)  dem¬ 
onstrated  any  neutralization  potential  for  type 
A  C  s.  scutuJatvs  venom,  while  all  could  neu¬ 
tralize  type  B  venom,  which  %vas  hemorrhagic 
and  lacl^  Mojave  toxin.  None  of  these  q>ecies 
is  sympatric  widi  C  a.  scutulaius  type  A  popu- 
lationa.  Although  the  data  suggest  that  the 
aforementioned  qrecies  can  neutralize  a  natural 
envenomation  in^cted  by  a  type  A  C  s.  scu- 
tulahis,  obeervationa  repotted  previously  sug¬ 
gest  that  injection  of  other  venoms  contaiiiing 
high  concentrations  of  neurotoxins  resulted  in 
rapid  death  (Ditmars,  1910,  1937).  The  neural 
systems  of  squamates  that  have  been  investi¬ 
gated  (primarily  sdneid  lizards)  function  anal¬ 
ogously  to  those  of  mammals  (White,  1976;  Wood 
and  L^ant,  1976),  and  therefore,  are  probably 
similarly  susceptible  to  neurotoxins.  It  is  note- 
wordty,  however,  that  some  workers  have  found 
that  neuromuscular  transmission  of  some 
ophidian  genera  are  not  affected  by  high  doses 
of  postsyruptic  nciuotoxins  (Burden  et  al.,  1975; 
Liu  and  Xu,  1990).  Thus,  some  ophidian  species 
may  have  marked  resistance  to  some  neurotox- 
ins  due  to  characteristics  (e.g.,  toxin-resistant 
cholinergic  receptors)  inherent  in  neuromus¬ 
cular  transmission.  In  these  species,  serum  im¬ 
munity  against  neurotoxins  may  be  unimpor¬ 
tant  or  inay  provide  an  additiorud  protective 
mechanism  It  remains  to  be  determined  if  Lom- 
propeltis  species  exhibit  such  characteristics  of 
the  peripheral  neural  system. 

Low  neutralization  potential  was  found  when 
most  serum  samples  were  assayed  with  C  o. 
helleri  venom.  This  venom  contaiiu  hypoteruive 
peptides,  which  cause  transient  increases  in 
vascular  permeability  and  precipitous  hypoten¬ 
sion  leading  to  shock  (Schaeffer  et  al.,  1978;  Rus¬ 
sell,  1980).  It  is  possible  that  venom-neutraliz¬ 
ing  components  of  LampropeUis  serum  have  a 
low  efficacy  for  these  toxins  or  their  target  sites. 
It  remains  to  be,determined  if  injection  of  Lam- 
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propelfis  with  these  toxins  would  cause  vascu- 
lotoxic  effects.  Klauber  (1956)  reported  immu¬ 
nity  of  L  g.  califortuae  to  C.  v.  heileri  natural 
envenomation. 

Venom  of  C.  v.  viridis  contains  myotoxin  a,  a 
non-enzymatic  polypeptide  which  causes  di¬ 
lation  of  sarcoplasmic  reticulum  and  the  peri¬ 
nuclear  space,  producing  vacuolation  and  sar¬ 
coplasmic  degeneration  (Ownby  et  al.,  1976; 
Cameron  and  Tu,  1978;  Ownby,  1982).  It  is  un¬ 
clear  if  serum  from  any  Lampropeltis  could  spe¬ 
cifically  neutralize  this  myotoxic  fraction.  All 
of  the  serum  samples  studied  had  effective  neu¬ 
tralization  potential  for  the  C.  u.  viridis  venom 
used  in  the  assays.  It  remains  undetermined 
whether  this  commercial  pooled  sample  con¬ 
tained  high  concentrations  of  myotoxin  a.  All 
mice  injected  with  mixtures  of  any  serum  tested 
and  appropriate  doses  of  M.  /.  fulvius  venom, 
exhibited  myoglobinuria  indistoguishable  from 
those  injected  with  venom  alone.  This  suggests 
that  elapid  venom  myolytic  phospholipases  Aj 
are  not  effectively  neutralized  by  Umpropeltis 
serum.  The  effect  of  such  myolytic  fractions  upon 
ophidian  musculoskeletal  elements  is  unstud- 
i^ 

Marked  variation  was  observed  also  in  neu¬ 
tralization  potentials  of  Lampropeltis  serum  for 
the  venoms  with  potent  hemonhagic  activities. 
Most  Crotalus  venoms  studied  to  ^te  produce 
rhexic  hemorrhage  (Ownby,  1982),  which  is 
characterized  by  destruction  of  the  vascular  walL 
Hemorrhage  per  diapedesis  is  characterized  by 
modification  of  intercellular  junctions,  allow¬ 
ing  blood  components  to  escape  writhout  alter¬ 
ation  of  endothelial  ceil  morphology  (Ownby, 
1982).  Agkistrodon  c.  mokasen  venom  causes  ede¬ 
ma,  limited  hemorrhage,  and  lymphocyte  in¬ 
filtration  (Wingert  et  al.,  1980).  Sistrurus  m,  bar- 
bouri  venom  is  hemorrhagic  (Friederich  and  Tu, 
1971),  but  there  are  no  data  describing  identity 
of  the  hemorrhagins  present  in  this  venom. 
Variation  of  Lampropelta  serum  neutralization 
potential  for  different  hemorrhagic  venoms  is 
probably  due  to  the  nature  of  hemorrhagin  ac¬ 
tion  (rhexic  vs.  diapedetic),  the  efficacy  of  hem¬ 
orrhagin  neutralizing  serum  proteins  for  a  spe¬ 
cific  venom  hemorrhagin,  and/or  the  amount 
of  the  antihemorrhagin  fraction  present  in  se¬ 
rum  of  a  given  species. 

The  mechanism  of  protection  against  most  of 
the  crotaline  venoms  assayed  appears  to  be  a 
neutralization  of  hemorrhagic  and  proteolytic 
activities  and  /ora  blockage  of  receptor  sites  for 
these  venom  components  on  target  tissues. 
Philpot  et  aL  (1978)  isolated  an  antiproteolytic 
fraction  from  L.  getulus  ssp.  serum  that  inhibited 
bradykinin  release  from  human  serum,  an  ac¬ 
tivity  these  investigators  associated  with  le¬ 


thality.  Other  workers  have  proposed  antibody 
neutralization  of  venom  proteases  as  the  mech¬ 
anism  oi  protection  (Veliard,  1950;  Bonneft  and 
Guttman,  1971).  A  humoral  mechanism  of  im¬ 
munity  seems  unlikely  considering  that  many 
of  the  antiproteolytic-antihemorrhagic  frac- 
tioits  that  have  been  isolated  from  serum  of 
venomous  and  non-venomous  ophidians,  be¬ 
have  as  a-giobulins  or  albumin  (Clark  and  Vor- 
is,  1969;  Omori-Satoh  et  al.,  1972;  Ovadia,  1978; 
Tomihara  et  al.,  1988;  Weinstein  et  al.,  1991; 
Weissenberg  et  al.,  1991). 

We  found  that  E.  g.  guttata  serum  had  neu¬ 
tralization  potential  for  several  crotaline  ven¬ 
oms.  Philpot  (1954)  reported  that  £.  ifuadrwirgata 
serum  protected  mice  against  venoms  of  Trim- 
eresurus  flavooiridis  and  A.  contortrix.  Although 
we  found  that  serum  from  P.  m.  seyi  and  an 
allied  species,  R.  L  antonii,  lacked  significant 
neutraliution  potential  for  the  venoms  tested. 
Harvey  (1960)  described  inhibition  of  C  atrox 
venom  proteases  by  P.  m.  seyi  serum.  Biochem¬ 
ical  and  morphological  data  have  indicated  that 
Lampropeltis  is  alli^  with  Elephe,  Pihiophis,  Ce- 
mopkore,  and  Arizone  (Underwood,  1967;  WU- 
lia^  and  Wilson,  1967;  Blaney,  1973,  1977; 
Dowling  et  aL,  1983).  Dowling  et  al.  (19^)  rec¬ 
ognized  the  oolubrine  group  oi  these  five  gen¬ 
era  as  the  tribe  LampropeltinL  Serum  proteins 
of  these  genera  oft^  produce  patterns  indis¬ 
tinguishable  in  crossed  immunodectxophoresis 
(Mtoton  and  Salanitro,  1972),  and  albumin  re- 
larionships  are  very  close  (Dowling  et  al.,  1983), 
suggesting  little  immunological  distance  exists 
between  these  taxa.  Lampropeltis  getulus,  L  cal- 
ligaster,  L  aJtema,  and  numerous  Elapke  sp.  ail 
have  a  karyotype  of  2N  ••  36  (Bury  et  aL,  1970; 
Baker  et  al.,  1972).  Vertebral  morphology  is  also 
similar  between  the  two  genera  (Gazstka,  1982). 
On  the  basis  of  numerous  morphological  char¬ 
acters,  Underwood  (1967)  considered  Lampro¬ 
peltis  as  a  form  derived  from  Elapke. 

The  results  of  our  study  with  Elapke  and  Rhi- 
nocketlus  sera,  as  well  as  the  data  of  Philpot  (1954) 
regarding  £.  fuadrmogefa  serum  immunity.sug- 
gest  that  these  genera  may  all  share  some  de¬ 
gree  of  serum  immunity  against  certain  ven¬ 
oms.  Venom-neutralizing  serum  proteins  may 
be  a  trait  conserved  in  the  manner  of  some  of 
the  other  biochemical  and  morphological  char¬ 
acteristics  outlined  above. 

Although  many  of  the  Lampropeltis  sp.  whose 
sera  were  investigated  here,  are  sympatric  with 
some  of  the  venomous  species  whose  venoms 
were  included  in  this  study,  little  relationship 
seems  apparent  between  status  of  neutraliza¬ 
tion  poteitiial  and  feeding  ecology.  Prey  items 
reported  for  different  Lampropeltis  have  includ¬ 
ed  small  mammals,  birds  and  their  eggs,  lizards. 
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snakes  and  their  eggs,  and  amphibians  (Blan¬ 
chard.  1921;  Mecham  and  Milstead.  1949;Smith, 
1950;  Axtell,  1951;  Lockwood,  1954;  Wright  and 
Wright,  1957;  Klimstra.  1959;  Fitch  and  Fleet, 
1970;Tan2er,  1970;  Minton,  1972;Conant,  1975; 
Williams,  1988).  Most  ophidian  prey  recovered 
from  stomach  contents  have  been  colubrines, 
xenodontines,  or  natricines  (Klimstra,  1959; 
Fitch  and  Fleet,  1970).  Lockwood  (1954)  re¬ 
ported  that  specimens  of  L  c.  rkombomaculala 
accepted  Curphophis.  Storeria,  and  Opheodrys,  but 
refused  A.  contortrix.  Minton  (1972)  reported  a 
specimen  of  L.  g.  tdger  from  Indiana  with  an  A. 
c.  Mokttsen  in  its  stomach.  Pope  (1944)  proposed 
that  mammals  were  preferred  prey  of  L  irian- 
gulum,  with  snakes  accepted  as  an  alternate. 

Although  the  dietary  profiles  of  many  Lam- 
propeltis  appear  to  lack  venomous  siutkes  as  im¬ 
portant  prey  itemsi,  it  is  probable  that  feeding 
ecology  of  a  given  isolated  population  is  most 
important  in  the  genetic  expression  of  venom- 
neutralizing  serum  proteins.  The  neutralizing 
proteins  may  be  widespread  among  different 
Lampropdtis  popnlationa,  due  to  conservation  of 
a  gene  that  evolved  in  a  LampropeUis  ancestor 
during  a  period  of  heightened  predation  upon 
venomous  ophidiarts.  These  proteins  may  be 
expressed  in  high  concentrations  among  spe¬ 
cific,  isolated  populations  that  still  prey  regu¬ 
larly  upon  venomous  srukes. 

Further  study  is  warranted  of  venom  neu¬ 
tralizing  properties  among  colubrid  genera. 
Other  ophiophagus  genera  such  as  Drymarckon, 
Mastko^m,  etc  could  be  examined  for  venom 
neutralizing  serum  components  and  their  re¬ 
lationships  to  those  of  Lampropeltis  and  Elaphe. 
Such  investigations  could  characterize  the  pro- 
teiru  responsible  for  serum  immunity,  and  de¬ 
termine  their  biochemical  relationships  among 
these  genera. 
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